The relationship of indoleacetic acid oxidase activity to peroxidase activity is complicated by numerous multiple forms of this enzyme system. It is not known if all isozymes of this complex system contain both types of activity. Isozyme analysis of commercial horseradish peroxidase and leaf extracts of yellow birch (Betula alleghaniensis) by isoelectric focusing in polyacrylamide gels was used to examine this problem. Horseradish and birch exhibited 20 and 13 peroxidase isozymes, respectively, by staining with benzidine or scopoletin. Guaiacol was less sensitive. Indoleacetic acid oxidase staining (dimethylaminocinnamaldehyde) generally showed fewer bands, and left doubt as to the residence of both types of activity on all isozymes. Elution of the isozymes from the gels and wet assays verified that all peroxidase isozymes contained indoleacetic acid oxidase activity as well. Estimation of oxidase to peroxidase ratios for the major bands indicated small differences in this parameter. A unique isozyme for one or the other type of activity was not found.
Peroxidase (donor: H202 oxidoreductase EC 1.11 .1.7) can act as an IAA oxidase (4) , and in this capacity may function in growth regulation. This relationship is complicated by the numerous multiple forms of this enzyme. It is not known with certainty if all isozymes of this system contain both types of catalytic activity. Many authors have reported that dual catalysis is present in all isozymes (3, 7, 8, (11) (12) (13) 17) . Others have reported the nonidentity of IAA oxidases with peroxidases (1, 2, 5, 15, 19, 20, 23) . These conflicting reports indicate that the isozymic relationship of IAA oxidase to peroxidase might vary from species to species.
It is common to measure total peroxidase activity, and then generate conclusions about the relative amounts of LAA oxidase present. But the existence of an IAA oxidase isozyme that does not have peroxidase activity implies that one must look at both types of activity when testing the ability of a tissue to degrade IAA. It is imperative also to elucidate the isozymic relationship of IAA oxidase to peroxidase in the experimental material prior to studies of growth regulation and the enzyme. In this study, an isozyme analysis of HRP2 and leaf extracts of yellow birch was carried out using the technique of IEF on polyacrylamide gels. The objectives were to: (a) define the isozymic relationship of UIA oxidase to peroxidase in the two species, and (b) determine if one type of activity might predominate in particular isozymes.
From our data we concluded that all isozymes of the peroxidase system contain both types of activity, for the two sources of enzyme tested. Those isozymes having the major portion of the IAA oxidase activity also contain the major portion of the peroxidase activity.
MATERIALS AND METHODS
Enzyme Extraction. Leaves were taken from 10-week-old yellow birch (Betula alleghaniensis) seelings and stored at -20 C. The leaves were extracted by two methods. In the first method, leaves were ground to a powder with Dry Ice in a mortar and extracted by soaking for 15 min in a potassium phosphate buffer, pH 6, 0.1 M, containing 0.2% (v/v) Triton X-100 and 60% (w/v) hydrated insoluble PVP. The ratio of powder to buffer was 1:10 (w/v). After centrifugation at 20,000g for 15 min, the supernatant portion (crude extract) was decanted.
In the second method, whole leaves were soaked for 1 hr at 5 C in potassium phosphate buffer, pH 6, 0.1 M. The ratio of leaves to buffer was 1 :10 (w/v). After straining the buffer through two layers of cheesecloth, an almost clear solution (crude extract) was obtained. Preliminary extraction studies (unpublished data) showed that both methods released over 75% of the soluble IA oxidase present in the leaf tissue.
Membrane Ultraffitration. Crude birch extracts were concentrated in an Amicon' ultrafiltration cell over a UM-2 membrane. The cell was magnetically stirred, at 15 C, and pressurized with N2 gas at 40 p.s.i. The extracts were concentrated until the IAA oxidase activity was at least 20 units/ml.
Isoelectric Focusing. IEF on polyacrylamide gels was carried out at 5 C using the gel formulation in ORTEC Application Note AN32A (14) . Wide Height of the gel column was 8.5 cm. The sample layer routinely consisted of 2 ml of ultrafiltered extract, 2 ml of 40% (w/v) sucrose, and 0.2 ml of 40% (w/v) ampholine stock. The protein load (10) was approximately 4 mg, and the IAA oxidase load was 40 to 50 units.
Gel Stains: IAA Oxidase. The staining procedure was modified from that used by Frenkel (2). Gels were incubated in a reaction mixture containing 4.6 ml of 2 M acetic acid, 0.4 ml of 2 M sodium acetate, 2 ml of H20, 2 ml of 4.5 mi p-coumaric acid, 2 ml of 6 mm H202, and 2 ml of 1.5 mm IAA. After 1 hr at 35 C with periodic swirling, the gels were placed in 0.5% (w/v) DMACA in N HCl. The isozymes of IAA oxidase appear as red-violet bands in the gels.
Benzidine-peroxidase. Gels were incubated for 30 min at 35 C in a solution containing 1 mm benzidine and 10 mm H202 in a tris-HCl buffer, pH 8, 1 M. Isozymes appeared as dark brown bands which were stable for months when the gels were stored in water.
Scopoletin-peroxidase. Gels were incubated for 30 min at 35 C in a solution containing 1 mi scopoletin and 10 mi H202 in 1 M sodium acetate buffer, pH 5. Isozymes appeared as dark blue bands that were stable for 2 hr, after which they turned yellowish green and faded.
Gusiacol-peroxidase. Gels were incubated for 15 min at 35 C in a solution containing 1 mim guaiacol and 10 mm H202 in a sodium acetate buffer, pH 5, 1 M. Isozymes appeared as brown bands that smeared rapidly and began to fade after 10 min.
Elution of HRP Isozymes. The gel was sliced into 1.7 mm sections. Each slice was placed in 3 ml of potassium phosphate buffer, pH 6, 0.1 M. They were frozen and thawed twice to release the enzyme from the gel and then stored at -20 C until assayed for both IAA oxidase and peroxidase activity.
Elution of BP Isozymes. The 8.5 X 1.8 cm gel was first sliced longitudinally in half. One half-section was halved again for staining and pH determination. The remaining half-section was cut transversely into 2.5 mm slices. Each slice was placed in 2 ml of potassium phosphate buffer, pH 6, 0.1 M and homogenized by a motorized Teflon pestle at 5 C. The gel slurry was stored at -20 C until assayed for both types of activity.
Peroxidase Activity Assays. Peroxidase activity was measured by change in absorbance at 470 nm. For IEF of HRP. Twenty peroxidase bands were visualized with either benzidine or scopoletin as hydrogen donor (Fig. 1) . Only 13 peroxidase bands were seen with guaiacol. The gel stained for IAA oxidase had 12 bands of activity, all of which corresponded to isozymes in the peroxidase gels (Fig. 1) . The typical staining pattern observed with all the stains consisted of three major bands and many minor bands. When eluted from the gel slices, peaks of IAA oxidase activity are in the same locations as those of peroxidase (Fig. 2) . Three major peaks of activity are present, labeled A through C. Several minor peroxidase bands visualized upon staining exhibited neither type of activity upon elution. Dilution during extraction from gels coupled with denaturation during IEF reduced the activity of those isozymes below the sensitivity of the wet assay systems.
IEF of BP. Staining patterns of IAA oxidase and peroxidase from birch leaves showed similar banding patterns when scopoletin (12 bands) and benzidine (13 bands) were used as hydrogen donors (Fig. 3) 5 bands of activity (Fig. 3) . All of these corresponded in gel position to isozymes in the peroxidase-stained gels. The typical staining pattern observed from numerous runs with all the stains consisted of 3 major bands and 2 or more minor bands.
The elution patterns of IAA oxidase and peroxidase activity of birch leaves are superimposable one upon the other (Fig. 4 ). IAA Oxidase to Peroxidase Ratios. The oxidase to peroxidase activity ratio for the major isozymes of both sources was estimated from the mean of several runs (Table II) . The variation encountered suggests that peaks A and B are probably equal for this parameter and peak C is lower for both sources.
DISCUSSION
The problem of equating oxidase to peroxidase activity among isozymes of horseradish and birch is only partly resolved by stained gels. Several factors contributed to the difficulty.
At times, length of the pH gradient in a gel would vary inexplicably from run to run. Theoretically, wide range ampholines should give a pH gradient from 3.5 to 10. In practice, extended ranges (e.g., 3.8 to 11.4) or shortened ranges (e.g., 3.6-9) might occur. The total banding pattern was unaffected except for being extended or shortened more than usual. When contracted, a minor band next to a major band could be obscured. The problem was resolved by making several runs with each source or preparation of enzyme.
Intensity of staining in a band is dependent in part on enzyme concentration. Usually different enzyme concentrations are needed to adequately visualize and resolve all the isozymes in a preparation. High concentrations are required to see all the minor bands, and low concentrations to distinguish between While all isozymes may be capable of dual catalysis, perhaps as some workers have proposed (8, 11) , one or a few of the isozymes may be relatively much higher in oxidase activity than peroxidase activity. Our data do not indicate any unique isozyme with high oxidase activity relative to peroxidase activity. We find that the amount of both activities tends to vary directly among isozymes. That is, if an isozyme has high oxidase activity, it will have high peroxidase activity and vice versa. The variation in estimating activity ratios (Table II) 
